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TURBOCHARGER VARIABLE-NOZZLL.
ASSEMBLY WITH VANE SEALING RING

BACKGROUND OF THE INVENTION

The present mvention relates to turbochargers having a
variable-nozzle turbine in which an array of movable vanes 1s
disposed 1n the nozzle of the turbine for regulating exhaust
gas flow 1nto the turbine.

An exhaust gas-driven turbocharger 1s a device used 1n
conjunction with an iternal combustion engine for increas-
ing the power output of the engine by compressing the air that
1s delivered to the air intake of the engine to be mixed with
tuel and burned 1n the engine. A turbocharger comprises a
compressor wheel mounted on one end of a shait in a com-
pressor housing and a turbine wheel mounted on the other end
of the shaftin a turbine housing. Typically the turbine housing
1s formed separately from the compressor housing, and there
1s yet another center housing connected between the turbine
and compressor housings for containing bearings for the
shaft. The turbine housing defines a generally annular cham-
ber that surrounds the turbine wheel and that receives exhaust
gas from an engine. The turbine assembly includes a nozzle
that leads from the chamber into the turbine wheel. The
exhaust gas flows from the chamber through the nozzle to the
turbine wheel and the turbine wheel 1s driven by the exhaust
gas. The turbine thus extracts power from the exhaust gas and
drives the compressor. The compressor receives ambient air
through an inlet of the compressor housing and the air 1s
compressed by the compressor wheel and 1s then discharged
from the housing to the engine air intake.

One of the challenges 1n boosting engine performance with
a turbocharger 1s achieving a desired amount of engine power
output throughout the entire operating range of the engine. It
has been found that this objective 1s often not readily attain-
able with a fixed-geometry turbocharger, and hence variable-
geometry turbochargers have been developed with the objec-
tive of providing a greater degree of control over the amount
of boost provided by the turbocharger. One type of variable-
geometry turbocharger 1s the variable-nozzle turbocharger
(VNT), which includes an array of variable vanes in the
turbine nozzle. The vanes are pivotally mounted 1n the nozzle
and are connected to a mechanism that enables the setting
angles of the vanes to be varied. Changing the setting angles
of the vanes has the effect of changing the effective tlow area
in the turbine nozzle, and thus the flow of exhaust gas to the
turbine wheel can be regulated by controlling the vane posi-
tions. In this manner, the power output of the turbine can be
regulated, which allows engine power output to be controlled
to a greater extent than 1s generally possible with a fixed-
geometry turbocharger.

One such variable-nozzle assembly comprises a generally
annular nozzle ring that supports the array of vanes. The
vanes are rotatably mounted to the nozzle ring and connected
to a rotatable actuator ring such that rotation of the actuator
ring rotates the vanes for regulating exhaust gas tlow to the
turbine wheel. The assembly can also include an insert having
a tubular portion sealingly received into the bore of the tur-
bine housing and having a nozzle portion extending generally
radially out from one end of the tubular portion, the nozzle
portion being axially spaced from the nozzle ring such that the
vanes extend between the nozzle ring and the nozzle portion.
The nozzle portion of the msert and the nozzle ring can be
rigidly connected to each other to maintain a fixed axial
spacing between the nozzle portion of the insert and the
nozzle ring.
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The above-described variable-nozzle assembly 1s effec-
tive, but further improvements are sought.

BRIEF SUMMARY OF THE DISCLOSURE

In particular, an area of potential improvement relates to
the sealing between the vanes and the walls of the nozzle
formed by the nozzle ring and the nozzle portion of the insert
(or by a wall of the turbine housing, in turbochargers that do
not employ an insert). Typical variable-nozzle assemblies are
constructed such that there are gaps between the ends of the
vanes and the adjacent walls of the nozzle so that the vanes are
able to prvot without binding on the walls. Reducing the
widths of the gaps should result in improved turbine perior-
mance because less of the exhaust gas would leak through the
gaps. The challenge then becomes how to reduce the sizes of
the gaps without impairing the ability of the vanes to pivot.

The present disclosure addresses the above needs and
achieves other advantages, by providing a turbocharger hav-
ing a variable-nozzle assembly, comprising:

a compressor housing and a compressor wheel mounted 1n
the compressor housing and connected to a rotatable
shaft, and a turbine housing and a turbine wheel
mounted 1n the turbine housing and connected to the
rotatable shaftt, the turbine housing defining a chamber
surrounding the turbine wheel for recerving exhaust gas
from an engine and for supplying the exhaust gas
through a nozzle leading from the chamber generally
radially inwardly to the turbine wheel;

a center housing connected between the compressor hous-
ing and the turbine housing;

a fixedly mounted nozzle ring having opposite first and
second faces, the nozzle being defined between the sec-
ond face and an opposite wall, the second face having an
annular recess formed therein, the nozzle ring having a
plurality of circumierentially spaced-apart bearing aper-
tures each extending axially from the first face 1nto the
recess, and having a plurality of communication orifices
cach extending from the first face into the recess for
providing communication of exhaust gas adjacent the
first face 1nto the recess;

a vane sealing ring disposed 1n a floating manner within the
recess 1n the nozzle ring, the vane sealing ring being
substantially tlat and sized to substantially fill the recess;
and

a plurality of vanes disposed 1n the nozzle and each having
a proximal end and a distal end, axles being joined to the
proximal ends and being recerved mnto the bearing aper-
tures of the nozzle ring and being rotatable 1n the bearing
apertures, the vane sealing ring being adjacent the proxi-
mal ends of the vanes, wherein the vane sealing ring has
a plurality of openings accommodating the axles of the
vanes;

wherein the exhaust gas adjacent the first face of the nozzle
ring 1s substantially stagnated and therefore at a higher
pressure than exhaust gas tlowing through the nozzle
adjacent the second face thereof, the exhaust gas adja-
cent the first face being communicated through the com-
munication orifices so as to urge the vane sealing ring
against the proximal ends of the vanes.

The vane sealing ring, urged against the ends of the vanes
by the pressure differential across the ring, thereby reduces or
closes any gaps at the proximal ends of the vanes.

Advantageously, the axles of the vanes are disposed 1n the
bearing apertures of the nozzle ring so that the axles can slide
axially 1n the apertures. Accordingly, when the vane sealing
ring 1s urged against the proximal ends of the vanes, the vanes
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are likewise urged axially so that the distal ends of the vanes
are closely adjacent to or abutting the opposite wall of the
nozzle, thereby reducing or closing any gaps at the distal
ends.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

Having thus described the mvention in general terms, ret-
erence will now be made to the accompanying drawings,
which are not necessarily drawn to scale, and wherein:

FIG. 1 1s a cross-sectional view of a turbocharger having a
variable-nozzle assembly in accordance with an embodiment
of the invention;

FIG. 2 15 a sectioned perspective view of a variable-nozzle
assembly 1n accordance with an embodiment of the invention;

FI1G. 3 shows a magnified portion of FIG. 2;

FI1G. 4 1s a fragmentary perspective view, partly sectioned,
of a turbocharger 1n accordance with an embodiment of the
invention; and

FIG. 5 1s a plan view of a vane sealing ring 1n accordance
with an embodiment of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The present inventions now will be described more fully
hereinafter with reference to the accompanying drawings in
which some but not all embodiments of the inventions are
shown. Indeed, these inventions may be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will satisiy applicable legal
requirements. Like numbers refer to like elements through-
out.

A turbocharger 100 1n accordance with one embodiment of
the invention 1s shown 1n FIG. 1. The turbocharger includes a
turbine comprising a turbine housing 110 and a turbine wheel
112 mounted 1n the turbine housing and connected to a rotat-
able shait 114 for rotation therewith. The turbine housing
defines a chamber 116 surrounding the turbine wheel for
receiving exhaust gas, and there 1s a nozzle 118 leading from
the chamber generally radially inwardly to the turbine wheel.
The turbine housing also defines an axially extending bore
120 through which exhaust gas 1s discharged after passing
through the turbine wheel.

The turbocharger further comprises a compressor compris-
ing a compressor housing 130 and a compressor wheel 132
mounted in the compressor housing and connected to the
rotatable shait 114 for rotation therewith. A center housing
140 1s connected between the compressor housing 130 and
the turbine housing 110. The shaft 114 passes through the
center housing, which supports bearings 142 for the shatt.

The turbocharger further comprises a variable-nozzle
assembly 150 that includes an insert 160 having a tubular
portion 162 received 1nto the bore 120 of the turbine housing
and having a generally annular nozzle portion 164 extending
generally radially out from one end of the tubular portion. The
variable-nozzle assembly 150 also includes a generally annu-
lar nozzle ring 170 axially spaced from the nozzle portion
164, and an array of vanes 180 circumierentially spaced about
the nozzle ring and rotatably mounted to the nozzle ring such
that the vanes are variable 1n setting angle for regulating
exhaust gas flow to the turbine wheel. The nozzle ring 170 1s
rigidly affixed to the nozzle portion 164, such as by rigid
spacers 166 (FIG. 4) that extend between these parts and
maintain a fixed spacing between them.
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The turbine housing 110 includes a generally ring-shaped
flange 111 that opposes a flange 144 of the center housing
140. The turbine housing flange 111 and center housing
flange 144 have opposing axially facing surfaces that are
stepped such that there 1s a radially outer pair of opposing
surfaces and a radially inner pair of opposing surfaces. A
radially outer portion of a generally annular retainer ring 190
1s disposed and clamped between the 1nner pair of opposing
surfaces. A resilient sealing ring 192 1s disposed and axially
compressed between the outer pair of opposing surfaces. In
the 1llustrated embodiment, the sealing ring 192 has a gener-
ally U-shaped cross-section oriented such that an open side of
the U faces radially inwardly. However, other configurations
of sealing ring can be used. A radially mner portion of the
retainer ring 190 engages an axially downstream-facing sur-
face of the nozzle ring 170 and thereby limits the extent to
which the nozzle ring 170 can move axially 1n the down-
stream direction (1.e., to the right in FIG. 1).

A spring element 194, which 1n the illustrated embodiment
also comprises a heat shield, 1s disposed between a radially
inner portion of the nozzle ring 170 and a portion of the center
housing 140. The heat shield 194 1s a sheet metal part con-
structed of a resilient metal, and the heat shield has a non-flat
configuration such that the heat shield acts as a spring element
when axially compressed. The heat shield 1s generally annu-
lar and has a radially outer portion engaged against an axially
upstream-facing surface of the nozzle ring 170 and a radially
inner portion engaged against an axially downstream-facing
surface of the center housing 140. The heat shield 1s axially
compressed between these surfaces.

A resilient radially-compressible locator ring 196 1s dis-
posed between a radially inward-facing surface of the nozzle
ring 170 and a radially outward-facing surface of the center
housing 140 and 1s engaged against the inward- and outward-
facing surfaces so as to radially locate the nozzle ring with
respect to the center housing. The locator ring comprises a
generally annular body having a generally C-shaped cross-
section that defines a radially outer leg and a radially inner
leg, the radially outer leg engaged against the radially inward-
facing surface of the nozzle ring 170 and the radially 1nner leg
engaged against the radially outward-facing surface of the
center housing 140.

In accordance with the invention, and with reference to
FIGS. 2 through 4, the nozzle ring 170 has a first face 172 and
a second face 174. The second face 174 faces axially toward
the nozzle portion 164 of the insert 160 and 1s generally planar
except for arecess 176 of annular configuration formed 1n the
second face. The recess 176 has a bottom wall 1765 and two
opposite side walls 176s. The bottom wall 1765 1s generally
planar and generally parallel to the second face 174 of the
nozzle ring, and 1s spaced axially from the second face 174 by
a distance d (referred to as the “depth” d of the recess). The
two side walls 176s are generally cylindrical, concentric sur-
faces that are generally perpendicular to the bottom wall 1765
and are spaced apart by a radial distance dr.

A vane sealing ring 200 1s disposed 1n the recess 176. The
vane sealing ring 200 1s a generally flat ring sized to substan-
tially f1ll the recess 176. That 1s, the ring 200 has a thickness
t that 1s substantially equal to the depth d of the recess 176
such that the ring 200 and the second face 174 of the nozzle
ring are substantially flush with each other. Moreover, the
radial extent of the ring 200 1s less than the radial distance dr
between the side walls 1765 of the recess by a clearance
amount that ensures that the ring 200 can freely move or
“float” 1n the axial direction within the recess. The vanes 180
have proximal ends 182 and opposite distal ends 184. The
proximal ends 182 of the vanes are rigidly atfixed to axles 186
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(FIG. 1) of generally cylindrical form. The nozzle ring 170
includes bearing apertures 175 (FIG. 1) that extend axially
through the nozzle ring 170. In the illustrated embodiment the
bearing apertures 175 are located such that they extend
through the bottom wall 1765 of the recess. The axles 186 of
the vanes pass through the bearing apertures 175 with a loose
enough {1t to allow the axles to rotate about their axes and also
to slide axially within the bearing apertures, but the clearance
between the axles and the apertures 1s small enough to sub-
stantially fix the axial orientation of the axes of rotation of the
axles. As shown in FIG. §, the vane sealing ring 200 includes
openings 202 that accommodate the axles 186. In the 1llus-
trated embodiment, the opemings 202 are relief cutouts 1n the
radially mner edge of the ring. Alternatively, the openings
could be relief cutouts 1n the radially outer edge of the ring, or
could be holes formed through the ring 1f the ring had a
sufficient radial thickness to allow 1it.

The axles 186 have distal ends that project out from the
bearing apertures 175 beyond the first face 172 of the nozzle
ring. Vane arms 188 are rigidly joined to the distal ends of the
axles 186. The vane arms have opposite free ends that engage
a umson ring 210 disposed adjacent the first faced 172 of the
nozzle ring. The unison ring 210 1s generally coaxial with the
nozzle ring and 1s rotatable about 1ts axis, actuated by a
suitable actuator (not shown). Rotation of the unison ring in
one direction causes the vane arms 188 to pivot 1n a direction
that pivots the vanes 180 toward their open position; rotation
of the unison ring 1n the other direction pivots the vanes
toward their closed position.

The nozzle ring 170 also has a plurality of communication
orifices 178 each extending from the first face 172 into the
recess 176 for providing communication of exhaust gas adja-
cent the first face 172 into the recess. As shown in FIG. 1,
there 1s a space S defined between the first face 172 of the
nozzle ring and surfaces of the center housing 140 (and also
bounded 1n part by the retainer ring 190. Exhaust gas 1s
present 1n the space S because of the virtual impossibility of
completely sealing the space, but the exhaust gas in the space
1s substantially stagnant (1.e., not 1n motion). Since the total
(stagnation) pressure in the space S and the total pressure 1n
the nozzle 118 are essentially equal, 1t follows that the static
pressure ol the exhaust gas in the space S 1s greater than the
static pressure of the exhaust gas flowing through the nozzle
118. The recess 176 1s 1n fluid communication with the space
S via the communication orifices 178, and 1s also 1n fluid
communication with the exhaust gas flowing through the
nozzle 118. Accordingly, there 1s a fluid pressure differential
from the face of the vane sealing ring 200 that confronts the
bottom wall 1765 of the recess 176 and the opposite face of
the vane sealing ring that 1s substantially flush with the second
tace 174 of the nozzle ring 170. This flmd pressure differen-
tial exerts a force on the vane sealing ring 200 1n the axial
direction toward the nozzle portion 164 of the insert 160. This
causes the vane sealing ring 200 to be urged against the
proximal ends 182 of the vanes, thereby reducing or closing,
any gaps adjacent the proximal ends.

Additionally, because the vane axles 186 are axially slid-
able 1n the bearing apertures 175 of the nozzle ring, the
sealing ring 200 urges the vanes 180 toward the nozzle por-
tion 164 of the nsert 160 so that the distal ends 184 of the
vanes are closely adjacent to or abutting the nozzle portion
164, thereby reducing or closing any gaps adjacent the distal
ends.

The vane sealing ring 200 advantageously can be made of
stainless steel, ceramic, or another material that 1s tolerant of
exposure to high-temperature exhaust gas. When the ring 1s
stainless steel, outer surfaces of the ring can be treated (e.g.,
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by gas nitriding or the like) to reduce friction between the ring
and the ends of the vanes 180. Likewise, the surface of the
insert 160 that confronts the distal ends 184 of the vanes can
be treated to reduce friction.

Tests of a turbocharger constructed substantially 1n accor-
dance with the foregoing description have indicated that the
floating vane sealing ring 200 can significantly improve on-
engine turbine efficiency, with the benefit being particularly
significant at low engine speeds.

Many modifications and other embodiments of the inven-
tions set forth herein will come to mind to one skilled 1n the art
to which these mventions pertain having the benefit of the
teachings presented 1n the foregoing descriptions and the
associated drawings. Therefore, 1t 1s to be understood that the
inventions are not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended
claims. Although specific terms are employed herein, they are
used 1 a generic and descriptive sense only and not for
purposes of limitation.

What 1s claimed 1s:

1. A turbocharger having a variable-nozzle assembly, com-

prising:

a compressor housing and a compressor wheel mounted 1n
the compressor housing and connected to a rotatable
shaft, and a turbine housing and a turbine wheel
mounted in the turbine housing and connected to the
rotatable shaft, the turbine housing defining a chamber
surrounding the turbine wheel for receiving exhaust gas
from an engine and for supplying the exhaust gas
through a nozzle leading from the chamber generally
radially inwardly to the turbine wheel;

a center housing connected between the compressor hous-
ing and the turbine housing;

a fixedly mounted nozzle ring having opposite first and
second faces, the nozzle being defined between the sec-
ond face and an opposite wall, the second face having an
annular recess formed therein, the nozzle ring having a
plurality of circumierentially spaced-apart bearing aper-
tures each extending axially from the first face into the
recess, and having a plurality of communication orifices
cach extending from the first face into the recess for
providing communication of exhaust gas adjacent the
first face into the recess;

a vane sealing ring disposed 1n a floating manner within the
recess 1 the nozzle ring, the vane sealing ring being
substantially flat and s1zed to substantially {ill the recess;
and

a plurality of vanes disposed 1n the nozzle and each having
a proximal end and a distal end, axles being joined to the
proximal ends and being recerved nto the bearing aper-
tures of the nozzle ring and being rotatable 1n the bearing
apertures, the vane sealing ring being adjacent the proxi-
mal ends of the vanes, wherein the vane sealing ring has
a plurality of openings accommodating the axles of the
vanes;

wherein the exhaust gas adjacent the first face of the nozzle
ring 1s substantially stagnated and therefore at a higher
pressure than exhaust gas tlowing through the nozzle
adjacent the second face thereof, the exhaust gas adja-
cent the first face being communicated through the com-
munication orifices so as to urge the vane sealing ring
against the proximal ends of the vanes.

2. The turbocharger of claim 1, further comprising:

a plurality of vane arms respectively affixed rigidly to the
axles, each vane arm having a free end; and
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a unison ring positioned coaxially with the nozzle ring with
a face of the unison ring opposing the first face of the
nozzle ring, the unison ring being engaged with the free
ends of the vane arms and being rotatable about an axis
of the nozzle ring so as to pivot the vane arms, thereby
pivoting the vanes in unison.

3. The turbocharger of claim 1, wherein the openings 1n the
vane sealing ring comprise relief cutouts formed 1n one of a
radially outer edge and a radially inner edge of the vane
sealing ring.

4. The turbocharger of claim 1, wherein the opposite wall
that forms the nozzle with the second face of the nozzle ring

comprises a nozzle portion of an insert formed separately
from the turbine housing, the insert having a tubular portion

joined to the nozzle portion, the tubular portion being
received mnto an axial bore formed 1n the turbine housing.

5. The turbocharger of claim 4, wherein the axles are axi-
ally movable within the bearing apertures such that the vane
sealing ring urged against the proximal ends of the vanes
causes the distal ends of the vanes to be urged against the
nozzle portion of the insert.

6. The turbocharger of claim 4, wherein the nozzle ring 1s
rigidly connected to the nozzle portion of the msert.

7. The turbocharger of claim 6, further comprising a heat
shield compressed between the nozzle ring and the center
housing, such that the heat shield exerts an axially directed
biasing force on the variable-nozzle assembly.

8. The turbocharger of claim 7, further comprising a
retainer ring having a radially outer portion engaged against
an axially downstream-facing surface of the center housing
and a radially inner portion engaged against an axially down-
stream-facing surface of the nozzle ring, the retainer ring
urging the nozzle ring against the biasing force exerted by the
heat shield.

9. The turbocharger of claim 7, wherein the heat shield
comprises a sheet metal part that 1s generally annular and has
a radially outer portion engaged against an axially upstream-
facing surface of the nozzle ring and a radially 1nner portion
engaged against an axially downstream-facing surface of the
center housing.

10. The turbocharger of claim 9, further comprising a resil-
ient radially-compressible locator ring disposed between a
radially inward-facing surface of the nozzle ring and a radi-
ally outward-facing surface of the center housing and
engaged against said inward- and outward-facing surfaces so
as to radially locate the nozzle ring with respect to the center
housing.
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11. The turbocharger of claim 10, wherein the locator ring
comprises a generally annular body having a generally
C-shaped cross-section that defines a radially outer leg and a
radially mner leg, the radially outer leg engaged against the
radially imnward-facing surface of the nozzle ring and the
radially inner leg engaged against the radially outward-facing
surface of the center housing.

12. A nozzle ring assembly for a vanable-nozzle of a tur-
bocharger, the nozzle ring assembly comprising:

a nozzle ring having opposite first and second faces, the
second face having an annular recess formed therein, the
nozzle ring having a plurality of circumiferentially
spaced-apart bearing apertures each extending axially
from the first face into the recess for accommodating
axles of vanes, and having a plurality of communication
orifices each extending from the first face into the recess
for providing communication of exhaust gas adjacent
the first face into the recess; and

a vane sealing ring disposed 1n a floating manner within the
recess 1 the nozzle ring, the vane sealing ring being
substantially flat and si1zed to substantially fill the recess.

13. A vanable-nozzle assembly for a turbocharger, com-
prising:

an 1nsert having a tubular portion adapted for being
received 1n an axial bore of a turbine housing and having
a generally annular nozzle portion joined to and extend-
ing radially out from one end of the tubular portion;

a nozzle ring fixedly connected to the insert, the nozzle ring,
having opposite first and second faces, the second face
being opposed to the nozzle portion of the insert, the
second face having an annular recess formed therein, the
nozzle ring having a plurality of circumierentially
spaced-apart bearing apertures each extending axially
from the first face into the recess, and having a plurality
of communication orifices each extending from the first
face into the recess for providing communication of
exhaust gas adjacent the first face into the recess;

a plurality of vanes each having a proximal end and a distal
end, axles being joined to the proximal ends and being
received into the bearing apertures of the nozzle ring and
being rotatable in the bearing apertures; and

a vane sealing ring disposed 1n a floating manner within the
recess 1n the nozzle ring, the vane sealing ring being
substantially tlat and sized to substantially fill the recess,
the vane sealing ring being adjacent the proximal ends of
the vanes, the vane sealing ring having a plurality of
openings accommodating the axles of the vanes.
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